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[57] ABSTRACT

A method of displaying graphic image surface informa-
tion data of an object lying within a three-dimensional
space on a two-dimensional display screen when seen
from a predetermined observing point is disclosed. A
patch of the surface of an object is separated into plural
triangular units, and image information data (luminance,
visible-nonvisible, and distance) are all represented at
the three apexes of each triangular unit area which
includes a number of display pixels. The positional data
at the three apexes are transformed from three- to two-
dimensional space. The other image information data
are calculated in accordance with interpolation calcula-
tion. Prior to the interpolation calculation a display area
is determined and a triangular area including pixels to
be processed is determined to reduce the processing
time. This process is repeated for the entire surface to be
displayed. -

9 Claims, 6 Drawin'g Sheets
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1
METHOD OF DISPLAYING IMAGE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to a method.

of displaying an image and more specifically to a com-
puterized method of displaying on a two-dimensional,
raster scan display screen an image lying within a three-
dimensional space.

2. Description of the Prior Art

In prior computer graphic display methods, graphic
image data of an object or objects lying within a three-

dimensional space are previously stored in memory as

three-dimensional coordinates information; the informa-
tion data are read from the memory in sequence; and the
read data are image-transformed in accordance with
predetermined calculation formulas in order to present
a solid graphic image on a display screen. When the
above image transformation calculations are executed
to display an image on the two-dimensional display
screen, three methods have usually been adopted to
convey an impression of the three dimensional features
of the object, namely perspective transformation pro-
cessing, shawdow processing and hidden surface pro-
cessing. |

By the perspective transformation processing, the
feeling of distance can be displayed by changing the size
of an object in proportion to the distance to an observ-

ing point on the basis of the fact that the near is per-

ceived as large and the far is perceived as small when-
ever an object is seen through human eyes.

By the shawdow processing, the ups-and-downs of
surfaces of an object are displayed by changing the
apparent brightness of the illumination on each surface
of a graphic image represented on a display screen on
the basis of the fact that the inclinations of the outer

surfaces of an object are different from each other rela-

tive to a light source positioned at a point within a
three-dimensional space so that the human eye sees the
object as tf the brightness on each surface of an object
. changes.

By the hidden surface processing, the feeling of dis-
tance can be represented by not displaying the graphic
image of nonvisible portions. This derives from the fact
that when objects are seen from an observing point
within a three-dimensional space, one cannot see the
rear surfaces of an object or the surfaces of backward
positioned objects upon which frontward positioned
objects are superposed.

These three processings are the methods under con-
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sideration by which objects can be solidly displayed if

an empirical law obtained when one sees objects posi-
tioned within a three-dimensional space 1s realized in
accordance with physical calculations. For the purpose
of realizing the empirical law, some algorithms have
been proposed.

These processings are effective to a certain extent
even if adopted independently. However, if combined,

35

since it is possible to obtain a further natural feeling of 60

solidness, the following two methods have convention-
ally been adopted as a method of executing these pro-
cessings by means of a computer:

In the first conventional method, the spatial posi-
tional relationship between an observing point, a light
source and an object are previously determined; the
results obtained by perspective processing, shadow
processing and hidden surface processing are writien in
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2

memory as a series of data; and the data are read from
the memory, where necessary, in order to display a
graphic image. |
In this first method, although it takes a great deal of
time in forming a series of data to be written in the
memory, there exists an advantage in that it does not
take much time to transform the image information.
However, there still exist problems in that it is necessary
to previously determine the spatial positional informa-
tion of the observing point, and it is necessary to form a
series of data for each observing point when the number
of observing points increases or when the observing
point moves. Therefore, there exist the drawbacks that
it is impossible to finely change the position of an ob-

serving point or it 1s necessary to provide a great scale

of memory capacity large enough to store plural series
of data. That is, this method can only be adopted in
practical use in displaying an object having a relatively
simple external shape.

In the second conventional method, the spatial posi-
tional relationship between a light source and an object

is set so as to be initialized; the perspective transforma-

tion processing, the shadow processing and the hidden
surface processing are executed by subroutine. When
spatial positional information of an observing point is
given, the above three processings for solid representa-
tion can be executed in sequence, respectively.

In this second method, although the spatial position
of an observing point can be freely determined, since
the perspective transformation processing, the shadow
processing and the hidden surface processing should be
executed for each pixel the amount of data processing
becomes huge beyond practical use. For instance, in the
case when the system is configured by pixels of
1,000 % 1,000 pieces, 1,000,000 times calculations should
be repeated in the perspective transformation process-
ing, the shawdow processing and the hidden surface
processing for one observing point. Therefore, there
exists a problem in that it takes as much as several hours,
for instance, for the processing calculation.

SUMMARY OF THE INVENTION

With these problems in mind, therefore, it is the pri-
mary object of the present invention fo provide a
method of displaying image data representative of sur-
faces of an object lying within a three-dimensional
space onto a two-dimensional display screen in accor-
dance with a perspective transformation method when
seen from a predetermined observing point, by which it
is possible to markedly reduce the calculation time re-
quired for the shawdow processing and the hidden
surface processing, in particular, as compared with
conventional methods.

To achieve the above-mentioned object, the method
according to the present invention comprises the fol-
lowing computational steps of: (a) dividing a surface of
the object into a plurality of triangular unit areas to
obtain first sets of plural data representative of object
surface image information at the three apexes of each
triangular unit area; (b) perspectively transforming only

the positional data representative of the positions of the

three apexes of each triangular unit area, which data is
included in the first plural data, onto a two-dimensional
plane corresponding to the display screen, in relation to
the predetermined observing point to obtain second
positional data representative of the positions of second
sets of three apexes, corresponding to the three apexes
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of each triangular unit area as transformed onto the
two-dimensional plane; (c) vertically setting other ob-

ject surface image information data included in the first

data separately at the second three apexes of each tri-

angular unit area on the two-dimensional plane to sepa-
rately form plural triangular image data planes at three
tops of the vertically set object surface image informa-
tton data; (d) obtaining each point of intersection be-

tween each formed triangular image data plane and
each straight line vertically set at each pomnt represent-
ing a pixel of the display screen included within each

10

triangular area surrounded by the second three apexes

on the two-dimensional plane in accordance with inter-
polation calculation to separately obtain subject surface
image information data; and displaying said separate,
object surface image information data at each corre-
sponding pixel on the display screen.

Further, in a preferred embodiment of the invention
the method according to the present invention com-
prises the steps of determining a display area on the
display screen within which an object image 1s ta be
displayed on the two-dimensional plane by selecting the
maximum and minimum values of the second positional
data representative of positions of the second three
apexes on the two-dimensional plane, calculating a cen-
ter of the displayed object image, and executing the
display processing of the object surface information
data only for points representing pixels which are in-
cluded within the determined display area.

More specifically, this method of excluding calcula-
tions for pixels outside of the display area comprises the
following steps of: (a) calculating each center of gravity
of each triangular unit area on the two-dimensional
plane and (b) determining a triangular unit area within
which the current processed point representing a dis-
play pixel lies on the basis of each calculated center of
gravity and the three sides of the triangular unit area
before computationally, vertically setting the object
surface image information data, included i the first
data, at the second three apexes of the triangular unit
area on the two-dimensional plane.

In the method according to the present invention, the .

object surface image information are luminance data,
visible-nonvisible data, and distance data at the three
apexes of each triangular unit area for providing shaw-
dow surfaces and hidden surfaces on the displayed ob-
ject image. -

- The method according to the present invention has
the following features and advantages:

(1) By separating a surface of an object into a plural-
ity of triangular unit areas, each including a num-
ber of processed points (pixel points), and only
perspectively transforming the three apex posi-
tional data from a three-dimensional space to a
two-dimensional plane, with the pixel points repre-
sented by only three apex points, the time required
in perspective transformation processing is mark-
edly reduced. |

(2) It is possible to definitely and simply obtain the

object surface image information data (luminance, visi-
ble-nonvisible and distance data) at each pixel. In accor-
dance with a simple linear interpolation method, the
three image information data are computationally, ver-
tically set as the three apexes of each triangular unit area
on the two-dimensional plane to form a separate data
plane for each triangular unit area; a plurality of straight
lines are computed to vertically pass through each pixel
point included within each triangular unit area and each
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point of intersection between the plane and the straight
line is calculated, thus reducing the time required for
the calculation for the object surface image information
at each pixel.

(3) Since a display area within which an object image
is to be displayed is determined before the above-men-
tioned interpolation calculation, it is possible to execute
the necessary data calculation processing only at pixels

included within the display area without processing at
pixels lying outside the display area, thus reducing the
time required for the interpolation calculation.

(4) Since each center of gravity of each triangular
unit area is determined on the two-dimensional plane
and a triangular unit area within which the current pixel
lies is determined on the basis of the calculated center of

gravity and the three sides of the triangular unit area

before the above-mentioned interpolation calculation, it
is possible to readily select only the triangular area
necessary for interpolation calculation at each pixel
included within the determined display area and to
exclude all other pixels and triangular unit areas, thus
reducing the time required for the interpolation calcula-
tion.

(5) Since only the luminance data having the smallest
distance data is displayed when plural visible data exist
at the same pixel point, 1t 1s possible to securely display
the image on the basis of hidden surface processing.

In summary, in the automatic data processing method
according to the present invention, (1) a surface of an
object corresponding to one patch is separated into
plural triangular unit areas; (2) image information data
(luminance, visible-nonvisible, and distance data) are
formed at each apex; (3) only the three apex positional
data are perspectively transformed to the two-dimen-
sional plane; (4) a display area is previously determined;
(5) a triangular unit area including pixels to be pro-
cessed is determined; and (6) image information data are
calculated only at each pixel included within the display
area in accordance with interpolation, whereby 1t is
possible to markedly reduce the processing time re-
quired by the data processing computer.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the method of dis-
playing an image according to the present invention
will be more clearly appreciated from the following
description of the preferred embodiment of the inven-
tion taken in conjunction with the accompanying draw-
ings in which like reference numerals or symbols desig-
nate the same or similar elements or sections throughout
the figures thereof and in which:

FIG. 1 is a diagram for assistance in explaining the
principle of processing of a shawdow formation of an
object;

FIG. 2 is a diagram for assistance in explaining the
principle of processing a hidden surface formation on a

- first object due to a second object;

60
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FIG. 3 is a diagram for assistance in explaining the
principle of processing of visible-nonvisible position
determination on an object;

F1G. 4 is a flowchart showing the procedure of image
displaying processing according to the present inven-
tion;

FIG. 5 is a table for storing various data in displaying
an image in accordance with the method of the present
invention;
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FIG. 6 1s a diagram for assistance in explaining the
separation of one-patch data DATA into plural triangu-
lar unit areas UA1, UA2;

FIG. 7 is a diagram for assistance in explaining the
method of forming visible-nonvisible data;

FIG. 8 is a diagram for assistance in explaining the
method of forming distance data;

FIG. 9 is a diagram for assistance in explaining the
method of forming luminance data; which also corre-
sponds to FIG. 1;

FIG. 10 is a diagram for assistance in explaining the
procedure of perspectively transforming a curved sur-
face of an ob'ject onto a display screen;

FIG. 11 1s a diagram for assistance in explammg the
procedure of determining a display area; |

FIG. 12 is a diagram for assistance in explaining the
nrocedure of extracting apex data DATAX, P(X, Y) at
triangular apexes PX lying within the display area ARE
from the X-Y table for execution of mterpolatlon calcu-

lating processmg,
FIG. 13 is a diagram for assistance in explaining the

4,819,192
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determination of the triangular unit area within whicha

processed point (pixel) lies in dependence upon the
gravity center;

FIGS. 14(A), 14B), and 14(C) are diagrams for ex-
plaining the procedure of linear interpolation for visi-
ble-nonvisible data; |

FIG. 15 is a diagram for explaining the procedure of
linear interpolation for luminance data; and

FIG. 16 1s a diagram for explaining the procedure of

linear interpolation for distance data.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to the drawings, the present invention
will be described hereinbelow in detail for the case

where image data of an object having a curved surface-

are transform-processed.

In the method of transforming a graphic image de-
scribed later, the shadow processing and the hidden
surface processing necessary for displaying a solid
graphic image on a two-dimensional raster screen are
executed in accordance with the method as described

below.

Shadow Processing

The shadow processing 1s to allow the depiction of
shadows on the surfaces of a graphic image displayed
on a display screen. As shown in FIG. 1, when light 1s
allowed to be incident from a light source 2 upon a
curved surface 1A of an object 1 disposed within a
three-dimensional space represented by absolute coor-
dinates x, y, z, the luminance (i.e., brightness) at position
P1 within a minute area on the curved surface 1A
changes according to the angle 6 subtended by the
normal of the curved surface 1A at the position P1 and

the direction on light source 2. The shadow processing g0

is expressed by

[=(1—=D)yA+D (1)

where I is the luminance at the position P1 by which a
shadow produced by the light source 2 on the surface of
the object 1 can be represented; D is a constant; and A
is a variable expressed as |

25
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6

K*. N*
| K*| - [V

(2}

A = = Cos 6

Thus, variable A can be expressed by a formula such
that the inner product of light source vector K* and
normal unit vector N* at postition P1 is divided by the
product of the absolute values of the light source vector
K* and the normal unit vector N*. This formula indi-
cates the cosine of an angle 0 subtended by the light -
source vector K* and the normal unit vector N*.

In FIG. 1, the position of the light source 2 is ex-
pressed by a position vector SS* on absolute coordi-
nates x, v, z, and the position P1 of the curved surface
1A is expressed by a curved surface position vector S*.
The gradient of the curved surface 1A at this position

P1 is expressed by the normal unit vector N* on the

curved surface 1A. Further, the direction of light inci-
dent from the light source 2 upon the position P1 is
expressed by a vector K* drawn from the position P1 to
the light source 2. The incident angle of the light is
expressed by an angle 8 subtended by the normal unit
vector N* and the light source vector K*.

As described above, the luminance I at the posmon
P1 on the curved surface 1A 1s determined by the vari-
able A. Therefore, if the incident angle 8 of the light.

~ allowed to be incident from the light source 2 upon the

position P1 varies, the variable A varies within the
range between —1 and +1 according to the change in
the angle 0. If the incident angle 8 is 0° (i.e. the light
source is in the direction of the normal unit vector N* at
the position P1 on the curved surface 1A) the luminance

- at the position P1 is the brightest. If the incident angle

- 8 changes between +90°, the luminance at the position
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P1 decreases (i.e. the luminance 1 goes down to zero).

Hidden Surface Processing

In hidden surface processing graphic image data 1s
processed in such a way that object surfaces not seen
from an observing point are not displayed on a display
screen. In this processing, as shown in FIG. 2, only the
visible portions of an object represented by curved
surface 4A are displayed on the basis of the fact that
there are portions to be seen (referred to as visible por-
tions) and portions not to be seen (referred to as non-vis-
ible portions) when a curved surface 4A of an object 4

is seen from an observing point 3.
The determination as to whether each portion on the

curved surface 4A is visible or not is made on the basis
of the followmg two conditions: In the first condition,
as deplcted in FIG. 2, when the curved surface 4A of
object 4 is seen from the observing point 3 along the line
of sight EL1, there are points of intersections P11, P12
and P13 of the sight line EL1 and the curved surface
4A. It 1s to be understood that these points are only

~ representative of all points on the surface. The surface

65

portion between the positions P12 and P13 is hidden
because there exists a surface which intersects the sight
line EL.1 at the position P11 on the side of the observing
point 3. Therefore, the surface portion between posi-
tions P12 and P13 is determined to be non-visible, and
graphic image data transformation processing is exe-
cuted in such a way that the visible surface portion at
the position P11 is seen on a phantom screen S disposed
between the object 4 and the observing point 3. This
“phantom screen’ 1s a computational artifice represent-
ing the position of the two-dimensional display screen
relative to the three-dimensional object.
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The second condition is that the surface portions to
be displayed are not hidden by other objects, 1.e., sur-
faces other than surface 4A. In FIG. 2, since another
object 6 lies between the observing point 3 and the

4,819,192
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Transformation Processing Procedure (Various table
forming procedures)

An image display system which adopts a computer

curved surface 4A of the object 4, when the object 4 is 5 graphic method executes the graphic image transforma-

seen along the sight line EL2, the sight line EL2 inter-

sects the curved surface 6A of the object 6 before inter-
secting the curved surface 4A of the object 4. That 1s,
the surface portion at the position P14 on the object

curved surface 4A is hidden by the surface portion at
the position P15 on the object curved surface 6A.
Therefore, graphic image data transformation process-
ing is executed in such a way that the non-visible sur-
face portion at the position P14 is not displayed but the
visible surface portion at the position P15 is displayed
on a phantom screen 5. .

The first condition (i.e., visible or non-visible) can be
determined in accordance with the method shown in
FIG. 3. When a sight line unit vector E* pointing to the
observing point 3 is drawn at a point P21 on an object
7 (i.e., a sphere) having an enclosed curved surface 7A
in order to obtain an inner product of this sight line unit
vector E* and the normal unit vector N*, the necessary
and sufficient condition that the surface portion at point
P21 is visible can be expressed as

N*E*>0 3)
Here, if the angle subtended by the sight line unit
vector E* and the normal unit vector N* is ¢, the inner
product of E* and N* is
N*E*=|N*|-|E*| cos ¢=cos ¢ (4)
Therefore, the condition which satisfies the formula
(3) can be established if ¢ is an acute angle as

0< ¢ <7 (5

For instance, as shown in FIG. 3, if the angle ¢ is
acute at the point P21 of intersection of the sight line
EL3 and the surface 7, since the inner product of the
sight line umt vector E* and the normal unit vector N*
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is positive, the condition of formula (3) is satisfied, so

that the surface portion at point P21 is determined to be
visible. In contrast with this, in FIG. 3, if the angle ¢
subtended by the sight line ELL3 and the rear surface
portion 7 at a point P22 i1s more than 7/2, since the inner
product of the sight line unit vector E* and the normal
unit vector N* is negative, the condition of the formula
(3) 1s not satisfied, so that the surface portion at point
P22 15 determined to be non-visible.

The above determination is to judge whether the
gradient of the surface portion at each point lying on
the curved surface 7A faces to the observing point 3 or
not. Such points are referred to as visible candidate
points. The visible candidate points are finally deter-
mined to be visible points only when the above second
condition is satisfied. That is, as explained with refer-
ence to FIG. 2, a visible candidate point P11 or P15
having the nearest distance to the observing point 3 is
selected from a plurality of visible candidate points
(P11, P12, P13) or (P14, P15) lying on the line of sight
EL1 or EL2, and the selected point is determined to be
a final visible point, respectively.

30
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tion processing of the present invention by means of a
central processing unit (CPU) (not shown) and in accoz-
dance with the processing procedure shown in FIG. 4.

In step SP1, the transformation processing control
program starts. In step SP2, the data describing the
position of observing point 3 (FIG. 4) and light source
(FIG. 1) and the number of patches necessary for trans-
formation processing a graphic image are inputted by an
operator to the CPU. .

On the basis of three-dimensional graphic image data
previously stored in the digital memory of the CPU, the
CPU forms a perspective transformation matrix used
for transforming points on curved surfaces of a three-di-
mensional graphic image onto the corresponding points
on a view plane 3 in step SP3. That is, the above matrix
is necessary when a three-dimensional graphic image
represented by the graphic image data is perspectively
displayed on the view plane § (FIG. 2) determined on
the basis of the observing point 3 preset at step SP2.

Thereafter, as shown in FIG. 6, the CPU reads data
DATA for one patch of graphic image data to be trans-
formed and displayed in step SP4, and divides the
DATA, as if the patch were cut into triangular shapes,
in step SPS.

In the case of this embodiment, the dividing of the
data into triangles is as folllows: the data DATA for one

patch are read by the CPU from its memory in se-

quence, and the intersections of two groups of com-
puted cutting lines L1 and L2 are calculated in sequence
on the basis of predetermined parameters. The two
groups of the cutting lines are arranged at regular inter-
vals, although not necessarily spaced at regular inter-
vals on the curved surface. Here, the number of lines of
the cutting line group L1 and L2 is selected as five 1n

‘the horizontal and vertical directions in such a way that

the two cutting line groups .1 and L2 intersect each
other in a net-like arrangement. Therefore, a curved
surface composed of one-patch data DATA is divided
into small areas UA surrounded by two pairs of adja-
cent lines of the cutting line groups .1 and L2 and each
small area UA 1s cut off for processing so as to be sur-
rounded by four intersection points PX.

The size of this small area UA is determined in associ-
ation with the number of patches inputted at step SP2.
When the small area UA is transformed on a display
raster screen, the number of pixels included within the
transformed small area can be automatically deter-
mined. |

The small areas UA are each further divided into two
triangular unit areas UA1 and UA2 respectively by
diagonal lines L3 connecting two points of intersection
PX diagonally opposite to each other, so that a curved
surface represented by data DATA is divided into a
number of triangular unit areas UA1 and UA2. The
number of pixels included in each triangular unit area
UA1 or UA2 is 20 to 30, for instance.

After the cutting of a curved surface into triangular
unit areas UA1 and UA2 has been executed, the CPU
calculates a normal unit vector N* at three intersection
points, that 1s, at the apexes of each triangular unit area
UA1 or UA2. |

The fact that three data at three apexes are obtained
by dividing the curved surface data DATA to be pro-
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cessed mmto two triangular umt areas UAl and UA2

indicates that when the triangular unit areas UA1 and
UA2 are transformed on a display raster screen, the data
for 20 to 30 pixels included within each transformed
triangular unit area can be represented by only the three
apex data; that 1s, the succeeding processings can be
executed on the basis of the three apex data, thus the
data processing speed is markedly increased as will be
illustrated hereinafter.

In the succeeding step SP6, the CPU computes a
table in memory, including visible and nonvisible data

10

used for hidden surface processing. In this step, the

CPU calculates sight line unit vectors E* at the three
apexes of the trangular unit areas UA1 and UA2, re-

spectively, as shown in FIG. 7; calculates each inner

product of the sight line unit vector E* and the normal
unit vector N*; and sequentially stores these calculated
results in the visible-nonvisible table TABLE 4 of a
table 10 provided within the memory of the computer,
as shown in FIG. 3. | |

In the table 10, the curved surface data DATA (FIG.
6) for one patch are stored as data of 25 words per patch
being divided into five intersections, respectively in the
direction that the cutting line group L2 is arranged
(referred to as U direction) and the direction that the
cutting line group L1 is arranged (referred to as V di-
rection). -

Therefore, in the visible-nonvisible table TABLE 4,
the visible-nonvisible data for 25 intersections PX are
stored for each patch in order to form the first condition
data necessary for hidden surface processing as de-
scribed with reference to FIG. 2.

Subsequently, in step SP7, the CPU forms a distance
table. The distance table is formed by the CPU by cal-
culating a distance vector D* from the apex PX to the
observing point 3 at each apex of the curved surface
data DATA as shown in FIG. 8 and by storing the
calculated results in a distance table TABLE 3 of the
table 10. | |

The distance data D 1n this distance table TABLE 3
are used for determining the second condition (FIG. 2)
in hidden surface processing. The distance vector from
the apex PX to the observing point 3 can be calculated
as

D*=E,*_S* (6)
‘The distance data D is obtained by calculating the abso-

lute value of the distance vector D*,
Therefore, when distance data for plural curved sur-

faces are obtained at the same pixel on the display raster

15
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The calculated result i1s represented by a variable A.
The luminance I can be calculated by the use of the
variable A as follows:

I=(1—D)A+D (9)

Here, although the value of constant D is about 0.22,
for instance, since the variable A varies within a range
0 to 1 (@ changes within+7/20), the luminance 1 pri-
marily changes according to the change in the light
allowed to be incident from the light source 2 upon the

apex PX. These data are stored in the luminance table
TABLE 2 of the table 10 (FIG. 5) and used for the
shadow processing as described with reference to FIG,

1

Subsequently, the CPU proceeds to step SP9 for

~ executing the perspective transformation processing.
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screen, it is possible for the CPU to calculate the data of

the curved surface portion nearest to the observing
point 3 to be the distance data and to exclude distance
data for the same pixel which is further away, 1.e., for a
surface point which is hidden to the observing point 3.
Subsequently, in step SP8, the CPU calculates a lumi-
nance table for storage in memory. As shown in FIG. 9
- corresponding to FIG. 1, the luminance at each apex is
- calculated as follows: The positional vector K* from
- the apex PX to the light source 2 is calculated. Then,
~ the cosine of the incident angle 8 is calculated on the
basis of the inner product of the calculated result K*
and the normal unit vector N* at apex PX as

K#,N* '

Y S\ A (8)
°0s 0 = TR IV

= A4

As shown in FIG. 10 corresponding to FIG. 2, the
perspective transformation processing is to transform
the apexes PX on the curved surface 4A within a three-
dimensional space onto a two-dimensional X-Y plane of
a view plane 5, which represents the raster scan display
screen, when the positions of the apexes PX on the
curved surface 4A of an object 4 are perspectively seen
on the view plane 5§ disposed between the object 4 and
the observing point 3. The transformation processing
can be executed by transform-calculating the positional
data at apexes PX obtained in the above step SPS onto
the X-Y plane on the basis of the perspective transfor-
mation matrix formed in the step SP3. The calculated

results are stored in the XY table TABLE 1 of the table
10. | -
As described above, using the patch data in table 10,
it is possible for the CPU to form image data representa-
tive of an object’s surface at each apex position of the
triangular areas of each patch into which the CPU has
computationally divided the object’s surface. In the
succeeding step SP10, the CPU determines whether the
processing has been completed for the data for all the
patches set as initial values in step SP2. If not com-
pleted, the CPU returns to the step SP4 to compute the
succeeding patch data in the table 10. If YES is obtained
in the step SP10, the CPU can store in its memory all
the information representative of the curved surface
states to be displayed on the display screen in the table
10 in relation to three apex positional data of the triang-
ular unit areas UA1 and UA2 (FIG. 6), respectively.
When the above transformation processing has been
executed, it 1s possible to handle the data at apexeson a
curved surface lying within a three-dimensional space
as the data on the X-Y plane. Therefore, the following
processings can be executed with the X-Y plane, that is,

~ the display raster screen as the reference plane.

39
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LINEAR INTERPOLATION, SHADOW AND
HIDDEN SURFACE PROCESSINGS

For the curved surface information stored in the table
10 as described above, since each triangular unit area
UA1l or UA2 corresponds to 20 to 30 pixels on the
display screen, in the succeeding steps SP11 to SP18,
linear interpolation calculation is executed for each
pixel by the use of the data in table 10 in order to obtain
image data for the shadow processing and the hidden
surface processing. On the basis of these 1mage data, it is
possible to solidly reproduce a plane image on the dis-

play screen.
That 1s to say, in the step SP11, the CPU executes the

processing for determining a display area. This process-
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ing step is to determine a display area so that an image

can be displayed at roughly the central position of a

display screen in an appropriate dimension. As shown in

FIG. 11, all the data are read from memory from the

XY table TABLE I (FIG. 5) of the table 10 in order to
extract the maximum value Xmax and the minimum

value Xmin in the X-axis direction and the maximum

value Ymax and the minimum value Ymin in the Y-axis

direction of the perspectively-transformed apex posi-
tional data which configure a two-dimensional display
image DES. Thereafter, the middle position Xc be-
tween the maximum value Xmax and the minimum
value Xmin in the X direction is obtained by the follow-
ing formula:

Xe = Amax + Xmin (10)

- 2
The middle position Y¢ between the maximum value
Ymazx and the minimum value Ymin in the Y direction

is determined by the following formula:

__ Ymax + Ymin (11)

Yo = 5
Therefore, the central position (Xc, Yc¢) can be obtained
and is set to a central position on the display raster
screen 11. Simultaneously, the display area ARE is
determined so that the displayed image DES can be
accomplished within the capacity of a frame buffer
memory having memory cells corresponding to pixels
which configure the display screen 11.

Here, the display area has an area extending from the
maximum value Xmax to the minimum value Xmin in
the X direction and from the maximum value Ymax to

the minimum value Ymin in the Y direction as depicted

in FIG. 11.

Once the display area ARE is determined, the CPU
executes all succeeding processing steps only for pixels
lying within the display area ARE. This feature mark-
edly reduces the amount of transformation calculation
for an image to be displayed on the raster screen. In
more detail, in the case where a transformation-proc-
essed tmage is displayed on a raster screen, there has
conventionally been adopted the method of calculating
the presence or absence and the values of image data for
all the pixels which configure the raster screen and then
storing the calculated results in the corresponding mem-
ory areas of the frame buffer memory. But by employ-
ing the method illustrated in FIG. 11, since no calcula-
tion processing i1s made for pixels having no data to be
displayed, it is possible to considerably reduce the
amount of image transformation calculations as a
whole.

In the step SP12, the CPU reads the positional data
DATAX (FIG. 12) for one patch, corresponding to the
apexes of the triangular unit areas UA1 and UA2 in this
display area ARE, in sequence from the XY table
TABLE 1 of the table 10 in order to execute interpola-
tion calculation processing. That is, the CPU supplies
data necessary for interpolation calculations in order to
determine the luminance of pixels included within the
triangular areas UA1X and UA2X lying within the
display area ARE on the display screen (FIGS. 11 and
12).

In the step SP13, the CPU then determines whether
the current pixel (referred to as a processed point) Pc
belongs to the triangular area UA1X or UA2X, that is
whether the processed point Pc (Xc¢, Yx) lies within the
tniangular area UAX or not. The procedure for accom-
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plishing this uses the center of gravity Po (Xo, Yo) of
the triangular area UAX surrounded by three straight
lines DL1, DL2 and DL3 connecting between the
apexes P1 (X1, Y1), P2 (X2, Y2) and P3 (X3, Y3) mutu-
ally on the X-Y plane obtained by the perspectively-
transformed three apexes of each triangular area UA1X
or UA2X which were calculated in step SP9 (FIGS. 4
and 10), stored in TABLE 1, as depicted in FIG. 13.
The equation of the straight line DL1 passing
through the apexes P1 and P2 can be expressed as

_ -7 - (12)
Y - Y1 = 5= (X — X1)

If rewritten,

(Y-THX2—-AD)—-(Y2—-YD(X—-X1)=0 (13)
However, the above equation (13) indicates that the
left side thereof is zero when the X-coordinate value
and the Y-coordinate value of points lying on the
straight line DL1 are substituted for the X and Y.
Therefore, the left side of the equation (13) is re-

placed with F(X,Y) as

X DN=(Y-Y)(X2-X1)— (72— Y)(X~X1) (14)
If points on the straight line DL1 are substituted,
F(X,Y) is zero. However, if coordinate values of points
inside or outside the straight line DL1 are substituted,
F(X,Y) 1s a positive or negative value.

Paying attention to this point, when the coordinate
values of the center of gravity Po of the triangular area
UAX expressed as

XE=X1+X;:EX3 (15)
Vo = ALt 12+ ¥3 (16)

3 |

are substituted into the equation (14), the following first
equation can be obtained:

F(Xo, Yo)=(Yo— Y1) (X2 —X1)—(¥2— Y1)(Xo—X1) (17)

On the other hand, when the coordinate values of pro-
cessed point Pc(Xc,Yc) are substituted into the equation
(14), the following second equation can be obtained:

F(Xc, Yo)=(Ye— YD —X1)—(¥2— Y1) (Xc—X1) (18)
Therefore, 1f the product of both is positive as

F(Xo, Yo)-F(Xc, Yc) >0 (19)

it is possible to determine that the processed point
Pc(Xc,Yc) lies on the side of gravity center Po(Xo,Yo)

“away from the straight line DI1.1. In this case, since the

center of gravity Po lies of course within the triangular
area UAX, it is possible to determine that the processed
point Pc(Xc,Yc) which satisfies the condition of equa-

~ tion (19) lies inside the straight line DL1.

65

Similar calculations are made with respect to the
straight lines DL.2 and DL3 which form the other sides
of the triangular area UAX as follows:

F(Xc, Y¢) = (Ye— Y2)(X3 — X2) — (Y3 — Y2)(Xc— X2) (20)
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F(X¢, Yo)=(Yc— Y3 X1 —-X3)— (Y1 - Y3)(Xc—X3) (21)

As described with respect to equation (19), if the
product of F(Xo,Yo) and F(Xc,Yc) calculated by the
CPU is determined to be positive on the basis of the
calculated results, the processed point Pc(Xc, Yc) lies on

4,819,192
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Pc and perpendicular to the triangular area UAX (e.g.
the display raster screen) and the visible-nonvisible
plane VPX is determined and the value VI, is interpo-

- lated as the visible-nonvisible data at the processed

3

the side of gravity center Po(Xo,Y0) away from all the

straight lines DL1, DL2 and DL3 constltutmg three
sides of the triangular area UAX. Since it is evident that
the center of gravity of a triangle lies inside the three
sides thereof, it is therefore possible to determine that
the processed point Pc(Xc¢,Yc) lies within the triangular
area UAX.

In contrast with this, if a negative result is obtained as
to any one of values of equations (18), (20) and (21) as

follows:
F(Xo, Yo)-F(Xc, Yc) <0 (22)

then the .processed point Pc(Xc,Yc) must lie on the side

opposite to the gravity center Po(Xo,Yo) away from

one or more straight lines DL.1, DL2 and DIL.3; thus the
processed point Pc is thereby determined by the CPU to
not lie within the triangular area UAX.

Where the processed point Pc 1s determined to lie
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outside the triangular area UAX as described above, the

CPU does not execute the succeeding interpolation
calculations for that point, 1.e., that pixel, in processing
the points for that triangular area. The same determina-
tion will be repeated for new triangular areas UAX until
a triangular area UAX including a processed point Pc
inside 1s found out.

As a result, in the step SP13 when a tnangular area
UAX within which a processed point Pc lies is found,
the CPU proceeds to the succeeding step SP14 to exe-
cute the processing of visible-nonvisible determination
on the basis of linear interpolation. That is, the CPU
reads in sequence the visible-nonvisible data stored for

each triangular apex P1, P2, P3 from the visible-nonvisi-

ble table TABLE 4 (FIG. 5) of the table 10 in order to
computationally, vertically set the corresponding visi-
ble-nonvisible data vectors VIi, VI, VI3 at the posi-
tions P1, P2, P3 on the display screen as depicted in
FIG. 14 and to compute a visible-nonvisible plane VPX
intersecting all of the tops of the set of visible-nonvisible
data vectors VI, VI, VIs. This visible-nonvisible plane
VPX changes in dependence upon the values of the
visible-nonvisible data VI, VI;, VI3 set at the apexes
P1, P2, P3 as follows: If all the visible-nonvisible data
VIj to VI3 are “+1” in value, it is possible to obtain a
visible-nonvisible plane VPX extending in parallel to
and above the triangular area UAX as depicted in FIG.
14(A). In contrast with this, if all the visible-nonvisible
data VIjto VIzare “—1” in value, it is possible to obtain
a visible-nonvisible plane VPX extending in parallel to
and below the triangular area UAX as depicted in FIG.
14(B). |

Further, if any one or two parts (e.g. VI and VIz) of
the visible-nonvisible data VIito VI;are “4 1" and the
remaining part (e.g. VI3)is “—1”, the visible-nonvisible
plane VPX intersects the triangular area UAX, as de-
picted in FIG. 14(C), in such a way that the visible-non-
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point Pc. For example, the values of VI, in FIGS.
14(A) and 14(C) are positive and thus the data at the
points Pc are classified as visible data. On the other
hand, the values of VIycin FIG. 14(B) and VI, in FIG.
14(C) are negative, indicating nonvisible data is at the
points Pc (FIG. 14(B)) and Pc’ (FIG. 14(C)), respec-
tively.

As described above with only the three visible-non-
visible data V1I;, VI and VI3 at the three apexes P1, P2,
P3 obtained from a three-dimensional curved surface to
be displayed, it is possible to easily obtain the visible-
nonvisible data at all the processed points Pc included
within the triangular unit area UAX on the display.
screen (keeping in mind that these processed points
represent pixels on the display screen). This is done by
the CPU by calculating (linear interpolation calcula-
tion) the point of intersection between the straight line
LC1 passing through the processed point Pc and the
trianguliar visible-nonvisible plane VPX; a straightfor-
ward calculation which makes it possible for the CPU
to obtain a definite solution without difficulty.

Subsequently, the CPU proceeds to the step SP15 to
execute the luminance determination processing in ac-
cordance with linear interpolation. In this processing, as
shown in FIG. 15, the luminance Ipc at the processed
point Pc of a pixel included within the triangular area

- UAX 1s Interpolation-calculated on the basis of the

luminance data I1, 12, I3 at the apexes P1, P2, P3 of the
triangular area UAX on the display screen following a
procedure similar to that used for determining visible-
nonvisible data. |

The luminance data I1, 12, I3 at the apexes P1, P2, P3
of the triangular area UAX are read from the luminance
table TABLE 2 of the table 10 and are computationally
set vertically at the corresponding apexes P1, P2, P3 on
the display screen. A luminance plane BPX is calculated
which intersects each top end of the luminance data
vectors 11, 12, 13. A straight line L.C2 is set perpendicu-
lar to the display screen at the processed point Pc of
each pixel included within the triangular area UAX.
The point of intersection of the straight line L.C2 and
the luminance plane BPX is obtained. The value at the
intersection on the luminance plane BPX is determined
to be the luminance Ipc at the processed point Pc.

As described above, when all the pixels included
within the triangular area UAX are selected in sequence
as the processed points Pc, it is possible to readily obtain

- all the luminance data for all the pixels using the three
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visible plane VPX existing on the sides of apexes P1 and |

P2 away from the intersectional line LIN is positive and
the plane VPX existing on the side of apex P3 away
from the line LIN is negative.

Therefore, the point VI, of the intersection of the
straight line L.C1 passing through the processed point

65

luminance data obtained from the three-dimensional
curved surface by sequentially executing the above
linear interpolation calculation for each intersection
between the straight lines LC2 and the triangular lumi-
nance piane BPX for each processed point Pc; a
straightforward calculation which enables the CPU to
obtain a definite solution without difficulty.
Subsequently, in the step SP16, the CPU executes the
distance determination processing in accordance with
interpolation calculation. In this processing, as shown in
FIG. 16, the distance from the observing point is inter-
polation-calculated by the CPU for each pixel included
within the triangular area UAX on the display screen
following a procedure similar to those just previously
described. First, the distance data D1, D2, D3 at the
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apexes P1, P2, P3 on the display screen are read from
the distance table TABLE 3 of the table 10 and are
computationally set vertically at the apexes P1, P2, P3.
A distance plane DPX is calculated by the CPU to
intersect each top end of the distance data vectors D1,
D2, D3. The intersection between the straight line LC3
passing through the processed point Pc and perpendicu-
lar to the display screen and the distance plane DPX is
calculated by the CPU. The value at this intersection on

the distace plane DPX is determined to be the distance
Dpc at the processed point Pc from the observing point.
In this case, as in the above described processes for

determining the luminance and visible-nonvisible data
for the pixels, it is possible to obtain the distance data
Dpc at the processed point Pc in accordance with the

interpolation calculation by sequentially designating all

the pixels included within the triangular area UAX as
the processed point Pc. Again, since this interpolation
calculatton is to obtain a solution between the straight
line LC3 and the distance plane DPX, it is possible for
the CPU to obtain a definite solution without difficulty.

Thereafter, the CPU proceeds to the step SP17 to
execute the processing of forming the pixel data on the
basis of distance comparison.

In this processing, the luminance data Ipc (FIG. 15)
and the visible-nonvisible data VIpc (FIG. 14) corre-
sponding to a curved surface with the smallest distance
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data Dpc are collected for all the pixels included within

the display area ARE (FIG. 11) on the display screen.
The luminance data of the curved surface having the
visible data and the smallest distance data Dpc are as-
sembled in the CPU as pixel data to be displayed on the
display screen.

In practice, the CPU includes a frame buffer memory
having a plurality of memory cells, each corresponding
to a display pixel, and a depth buffer memory corre-
sponding to each pixel of the frame buffer memory. In
the step SP16, when the distance data Dpc correspond-
ing to each pixel is determined and the smallest distance
data Dpc for the same pixel is obtained, the distance
data are stored in the memory areas corresponding to
the pixels of the depth buffer memory and simulta-
neously the luminance data Ipc determined in the step
SP1S are stored in the frame buffer memory. Therefore,
the luminance data Ipc obtained from the curved surace
having the smallest distance data Dpc are to be written
in the frame buffer memory.

The above-mentioned serial calculation processmgs
from SP12 to SP17 are executed for each pixel included
within one patch. Whenever the processing of step
SP17 has been completed, the CPU determines whether
the calculation processing has been completed for all
the patches in the step SP17. If the resuit is NO, the
CPU returns to the step SP12 again to repeat the calcu-
lation processing of data for new pixels. In contrast with
this, if the result is YES in the step SP18, the CPU
proceeds to the step SP19 to complete the program
control.

Operation of Embodiment

In accordance with the data processing method
shown in FIG. 4, a CPU is programmed to perspec-
tively transform the curved surfaces of an object lying
within a three-dimensional space when seen from a
predetermined observing point on a two-dimensional
display screen for displaying an image. The curved
surfaces of the object within a three-dimensional space
are computationally divided into a plurality of triangu-
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lar unit areas UA1 and UA2 in order to obtain the ob-
ject surface information data represented at three
apexes PX. After the three apexes PX have been per-
spectively transformed onto a two-dimensional plane
representing the display raster screen, a triangular data
plane composed of object surface information data on
the curved surface is formed at the apexes P1, P2, P3
transformed on the two-dimensional plane, so that it is
possible to obtain image data for all the pixels included

within the triangular area on the screen using linear
interpolation calculations.
Usifg only the three apex data for each triangular

unit area to perspectively transform the object surfaces

‘within the three-dimensional space onto the two-dimen-

sional plane markedly reduces the time required for the
transformation calculation. Further, the image data for
each pixel is obtained by calculating, using linear inter-
polation, a solution of the intersection between the data
plane and a straight line passing through the point in the
two dimensional plane which point corresponds to the
pixel on the display screen. The solution can thus be
calculated by the CPU simply and definitely.

More specifically, according to the image display
method shown in FIG. 4, since the luminance data plane
can be formed by the CPU on the basis of the triangular
unit area UAX on the two-dimensional plane, it 1s possi-
ble to easily provide shadow according to the position
of a light source on the image displayed on the screen so
as to stably reproduce the ups and downs on the curved
surfaces of an object.

Further, according to the image display method
shown in FIG. 4, since it is possible for the CPU to
clearly determine the boundary between visible area
and nonvisible area on the basis of the results of the
linear interpolation calculation for each pixel by provid-
ing the visible-nonvisible data plane on the two-dimen-
sional plane, even in the case where the visible area and
the nonvisible area are both present within the triangu-
lar area UAX on the two-dimensional plane, the CPU
can readily execute the hidden surface processing.

For hidden surface processing, when a plurahty of
visible data are obtained for the same pixel, since the
image data of the curved surface having the shortest
distance is determined by the CPU to be effective and 1s
displayed by the use of the distance data representative
of the distance from the observing point to the unit area
UA1 or UA2 on the curved surface, the CPU can se-
curely execute the hidden surface processing without

- confusion and thus produce an image having a clear
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feeling of distance on the display screen.

In the image displaying method as shown in FIG. 4,
when the interpolation calculation 1s made with respect
to the triangular area UAX obtained by perspectively
transforming an image onto the two-dimensional plane,
a triangular area UAX to which the processed point Pc

~ (corresponding to the currently processed pixel) be-
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longs is determined by the CPU by simply calculating
whether the processed point Pc lies on the side of the
gravity center Po using the three straight lines DL1,
D12, D13 to define the three sides of the triangular
area UAX and calculating the gravity center Po of the
triangular area UAX, as explained in greater detail
above. This allows a marked reduction in calculation
processing time compared to prior art methods which
simply processed the data for all pixels.

Finally, 1n executing the above image transformation
processing, the positional data of an object lying within
a three-dimensional space and seen from a specified
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observing point are perspectively transformed onto a
two-dimensional plane; a display area ARE (FIG. 11) in
which the transformed positional data lie is determined;
and the above described series of image display process-
ing calculation (that is, determination of a triangular
area within which the processed point lies, determina-
tion of visible-nonvisible area, determination of the
distance from the observing point, determination of the
visible surfaces) are executed only for this display area
ARE. This also greatly reduces the time required for
the calculations compared to prior art methods.

Modification

In the above embodiment, the data with respect to an
object lying within a three-dimensional space have been
explained only for the case of data representative of the
surfaces of an object surrounded by-curved surfaces.
However, without being limited to this, 1t 1s possible to
similarly apply the present invention to data representa-
tive of surfaces of an object surrounded by flat surfaces.

Further, in the above embodiment, when the display
area representative of a range within which an object is
to be displayed on the display screen is determined
(F1G. 11), the maximum and the minimum values are
determined in both the X and Y directions. However, it
is also possible to determine the display area on the basis
of any given straight lines or curves.

Effect of the Invention

As described above, in the present invention, since

the curved surface of an object lying within a three-di-

mensional space is divided by the CPU into triangular
unit areas UA1 and UA2 for computational purposes
and the image information of the unit area UA1 or UA2
is represented by three apexes PX of each unit area UA1
or UAZ2, it is possible to execute the image transforma-
“tion processing in accordance with simple calculations
and to markedly reduce the image transformation. pro-
cessing time. - -

Further, in the present invention, when the image
information to be displayed on the display screen is
obtained, the CPU first determines the display area
representative of an area within which an object is to be
substantially displayed and then executes the data trans-
formation and display processing for only the pixels
included within the determined display area. Thus no
data transformation and display processing is executed
by the CPU for pixels included in other areas within
which an object is not displayed, thereby making it
possible to reduce the calculation time as a whole.

Also, since a trnangular unit area within which each
pixel to be processed is determined by the CPU using
the center of gravity and the three sides of the traingu-
lar unit area, the interpolation calculation processing is
further simplified.

Lastly, since visible-nonvisible data are determined.
- by the CPU using an inner product of the normal unit

vector and the sight line unit vector at each apex of each
triangular unit area and the visible or nonvisible point 1s
determined by checking the signs of the inner product,
the CPU can execute shadow processing in a simple
manner. In addition, when plural visible data are ob-
tained at the same pixel, only the luminance data having
the smallest distance data are caused by the CPU to be
displayed. This allows the CPU to execute hidden sur-
face processing securely.

It will be understood by those skilled in the art that
the foregoing description is in terms of a preferred em-
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bodiment of the present invention wherein various
changes and modifications may be made without de-
parting from the spirit and scope of the invention, as set
forth in the appended claims. |

What is claimed is:

1. A method of processing, by means of a pro-
grammed computer, electronic, image data signals rep-
resentative of surfaces of an object lying within a three-
dimensional space for display at corresponding pixels of
a two-dimensional, electronic display screen in accor-
dance with a perspective transformation method when
seen from a predetermined observing point, which com-
prises the following steps of: | -_

(a) dividing a surface of the object into a plurality of-
triangular unit areas and obtaining first plural data
representative of surface image information for the
object at the three apexes of each triangular unit
area; | |

(b) perspectively transforming only positional data
representative of positions of the three apexes of
each triangular unit area, which positional data are
among the first plural data, onto a two-dimensional
plane corresponding to the display screen in rela-
tion to the predetermined observing point to obtain
second positional data representative of positions
of second sets of three apexes, corresponding, re-
spectively, to the three apexes of each triangular
unit area on the two-dimensional plane;

(c) vertically setting other object surface image infor-
mation data included in the first data separately at
the three apexes of each triangular unit area on the
two-dimensional plane to separately form plural
triangular image data planes at the tops of each
three vertically set object surface image informa-
tion data; -

(d) obtaining by interpolation calculation each point
of intersection between each formed triangular
image data plane and each straight line vertically
set at a different point included within each triang-
ular area surrounded by the three apexes on the
two-dimensional plane, which points, referred to
hereinafter as processed points, correspond to dif-
ferent and corresponding individual pixels of the
display screen, to separately obtain surface image

‘information data for the object; and

(e) separately displaying said surface image informa-
tion data at each such corresponding pixel on the
display screen.

2. The method as set forth in claim 1, which further
comprises the steps, to be executed between steps (b)
and (c), of determining a display area within which an
object image is to be displayed on the two-dimensional
plane by selecting the maximum and minimum values of
the second positional data representative of positions of
the three apexes on the two-dimensional plane and cal-
culating a center of the displayed object image, and
therefore completing the remaining steps (¢) through
(e) only for pixels included within the determined dis-
play area.

3. The method as set forth in claim 1, which further
comprises the following steps, to be executed between

- steps (b) and (c), of:

65

(a) calculating each center of gravity of each triangu-
lar unit area on the two-dimensional plane; and
(b) determining a triangular unit area within which
the current processed point lies on the basis of each
calculated center of gravity and the three sides of
the triangular unit area before vertically setting
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object surface image information data included in
the first data at the three apexes of the triangular
unit area on the two-dimensional plane.

4. The method as set forth in claim 1, wherein in step
(c) one of the object surface image information data is
luminance data obtained at the three apexes of each
triangular unit area fo providing shadow on the dis-
played object image and further comprising the step of
calculating the luminance data as the product of each
normal unit vector N* and each light source vector K*
at each apex of each triangular unit area, divided by the
product of their absolute values.

5. The method as set forth in claim 4, wherein one of
the object surface image information data is visibie-non-
visible data at the three apexes of each triangular unit
area for representing hidden surfaces on the displayed
object image, the visible-nonvisible data being calcu-
lated as the inner product of each normal unit vector N*
and each sight line unit vector E* at each apex of each
triangular unit area, the visible and nonvisible points
being determined as a function of the positive or nega-
tive signs of the calculated inner product, respectively,
and displaying the luminance data when each processed
point is determined to be visible but not displaying the
luminance data when the processed point 1s determined
to be nonvisible.

6. The method as set forth in claims 4 or 5, wherein
one of the object surface image information data is
distance data at the three apexes of each trianguiar unit
area for providing hidden surface on the displayed ob-
ject image, the distance data being calculated on the
basis of calculating a sight-line vector E,* and each
apex position vector S*, and, when plural visible data
exist at the same processed point of pixel, displaying

only the luminance data having the smallest distance _

data and not displaying the remaining luminance data so
as to represent a hidden surface.

7. A method of computing data for displaying an
image of an object lying within a three-dimensional
space on a two-dimensional display plane by means of a
programmed computer having a memory unit in which
three-dimensional graphic image information data are
previously stored, which comprises the following steps
of: |

(a) entering into the computer data representing a
position of an observing point, a position of a light
source, and the number of patches into which the
curved surfaces of the object are to be divided, and
then, using the programmed computer, automati-
cally;

(b) forming a perspective transformation matrix for
perspectively transforming onto a view plane de-
termined on the basis of the observing point, posi-
tional data representing the curved surface of the
object, which positional data had been previously-
stored in the computer memory as part of other
three-dimensional graphic image information data;

(¢) reading from memory the graphic image informa-
tion data corresponding to one patch of the object
surface to be transformed;

(d) dividing the read positional data DATA into a
plurality of triangular unit arcas UA1, UA2 to
determine the number of processing points (herein-
after “pixel points’’) each representing a seperate
display plane pixel included within each triangular
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(f) forming a visible-nonvisible data table in memory
by calculating an inner product of the normal unit
vector N* and a sight-line unit vector E* from each
triangular apex PX to the observing point and by
storing the calculated results VI, VI, VI3 corre-
sponding to each apex PX within the computer

- memory for background shadow processing;

(g) forming a distance table in memory by calculating
a distance vector D* from each triangular apex PX
to the observing point using a sight-line vector E,*
and a triangular apex positional vector S* and by
storing the calculated results Dy, Dy, D3 corre-
sponding to each apex PX within the computer
memory for hidden surface processing;

(h) forming a luminance table in memory by calculat-
ing a luminance value I at each triangular apex PX
as the product of a light source positional vector
K* and the normal unit vector N¥*, at each apex
PX, divided by the product of their absolute val-
ues, and by storing the calculated results Iy, I, I3
corresponding to each apex PX within the com-
puter memory;

(i) perspectively transforming each triangular apex
positional data DATA for the curved surface of
the object obtained in step (d) above onto the two-
dimensional x-y plane in accordance with the pre-
viously formed perspective transformation matrix,
the calculated results being stored within the com-
puter memory as transformed positional data
DATAX, P(X, Y); and

(J) repeating the above steps from (c) to (1) for all
patches.

8. A display data computing method as recited in

claim 7 comprising the further steps of:

(k) determining a display area DES on the two-di-
mensional plane by obtaining a center (X, y¢) on
the basis of the maximum and minimum values
Xmaxs Xmin» Ymax>» Ymin Of the transformed positional
data DATAX, P(X, Y) using an averaging calcula-
tion;

(1) sequentially reading the triangular apex PX posi-
tional data DATAX, P(X, Y) for each patch and

(m) determining a triangular unit area UA1X, UA2X
within which the current pixel, point lies by calcu-
lating a center of gravity and three sides of the cut
triangle UA1, UA2;

(n) reading the stored visible-nonvisible data VI,
V1,, VI3 corresponding to the separate apexes PX
and, using linear interpolation calculation, deter-
mining each visible-nonvisible value VIpc at each
pixel point; |

(0) reading the stored luminance data I;, Iz, I3 corre-
sponding to the separate apexes PX and, using
linear interpolation calculation, determining each
luminance value Ipc at each pixel point;

(p) reading the stored distance Dy, Dy, D3 corre-
sponding to the separate apexes PX and determin-
ing by linear interpolation calculation, each dis-
tance value Dpc at each pixel point;

(q) forming pixel data by collecting luminance data
Ipc and visible-nonvisible data VIpc for each pixel
point having the minimum distance data Dpc and
by selecting luminance data Ipc at each pixel point
at which the visible data is obtained; and

(r) repeating the above steps (1) to (q) above for all
the patches. _

9. The display method as recited in claim 8 including

unit area and to obtain apex positional data at each 65 the further steps of sequentially reading out said pixel

triangular apex PX;
(e) calculating each normal unit vector N* at each
triangular apex PX of each unit area UA1, UA2;

data and forming on an electronic display screen a two

dimensional display of and three dimensional object.
i x . % *
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